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GLYC,:DOL "-1 c" a .. ii; .L.. ?L 3cL1"ICit0J

Following is the translation of an article by
1.V. Domaradskiy, L. V. LinniA:ov4 , and le. ?.
Golubinskiy, Scientific-itcsearch 'Antiplague insti-
tute, Rostov/Don, published in the Russian-language
periodical Voprosy ,leditsinskoy Ihimii (Problems
of lM[edical Chiestry) 14('2) 1968 pages 185--190.
It was submitted on 26 qu6 1966._i

A different relation to glycerol is one of the main features
which make it possible to distinguish variants of the plague microbe
from eLch other ./, 27. The question of ..hy some of these ferment
glycerol and others do not remains unanswer( d up til now. Ve de-
cided to study the mechanism of fermentation of glycerol in cul-
tures of glycerolpositive strains of the plague nicrobe, and by
means of a comparison of strains which decompose and do not decom-
pose glycerol to clear up the absence of which enzyme (enzymes)
conditions the inability of the microbes to ferment glycerol. *
Since both types of strains ferment glucose easily in the same
manner in the set up of Embden-1.eyerhof 97, vie turned our main
attention to the study of the initial pha.;es of conversion of
glycerol, up to the stage of phosphotriose. In this communication
certain preliminary results of our investigations are presented.

- Subsequently we designate glycerolpositive strains as GL+ ,

and glycerolnegative - GL-.

fle thods

The tests were up with vaccine strains .V (GL-) and 1o 17
(GL+). In addition to this in one series of tests' we used the
prototrophic mutants of these strains, vaccine strain No 1 (GL-)
and virulent strain No 1210 (GL+) ih'. For investigating the metab-
olism of glycerol and its possible metabolites the bacteria wore
incubated on a thick Hottinger medium or casein hydrolyzate (pH 7.2),
with glycerol as a rule, for 2 days at 280. The suspensions of
cells were washed three times with a physiological solution of
sodium chloride. The concentration of cells was established by
the optical standard of the Control Institute imeni L. A. Tarasevich.
Absorption of oxygen was measured by the "direct" method in a
Warburg apparatus at 370 . Samples usually contained 1.2 ml of
buffer (phosphate U/15, veronal 14/10, borate 14/15), of the corre-
sponding pH, 0.*2 ml of substrate (most often 18 micromoles), and
0.5 ml of cell suspension (5 • 1010)* In the control samples in
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place of the substrate water was added. For studying the metabolism
of glycerol under anaerobic conditions tests were set up at 670 in
test tubes under a layer of sterile liquJd petrolatum (co7position
of tie sample rerained the same). Glycerol was determined by tno
method described by Neish 5S7, jyruvate - by the mathod of ?ricde:an
and Khauten, lactate - by the :-ethod of Barker and Samerson, phos-
phorus - by the method of Fisk-Subbarrow. The utilization of
glycerol and its possible metabolites was jua,;:czd by tie capacity
of the plague microbe to grow on synthetic media, in which thoso
substances were main (in the case of auxotrophic strains) or unique
(in the case of prototrophic mutants) sources of carbon. During
work with the prototrophic mutants we used a medium. which was pro-
parcd by means of the addition to the saline base of the synthetic
medium M of 0.051 anraonium sulfate, 0,05, of one of t~le investi-
gated preparations, and 1.5 of washed agar. In experiments with
auxotrophic strains the synthetic medium, in addition to the stated
ingredients, contained 0.1 mg of phenylalanine, 0.25 mg> of oys-
teine, 0.1 m of methionine, and 0.1 raJo of threonine (in the
absence of additional sources of carbon the stated amino acids in
the cited concentrations did not support the growth of the plague
microbe). Inoculations of washed cultures of plage microbo on
synthetic media were made with a calculation of 100 microbial cells
per dish. Results of the experiments were considered after incu-
bation of seedings at 280 for 5 days.

*. Subsequently the initial strains LV and No 17, and also No 1 and
1210 are designated as auxotrophic.

Results of the Investigations

As preliminary experiments showed, strain GL+ of the plague
microbe decomposes glycerol with the absorption of oxygen; in con-
trast to strain GL# strain GL- does not oxidize glycerol. Decom-
position of glycerol by strain GL+ is primarily an aerobic process,
under anaerobic conditions the decrease of glycerol is 86% less.
In the latter case it still has not been cleared up as to what is
the acceptor of hydrogen.

The capacity of strain GL+ to oxidize glycerol is strenrgthoned
considerably if it is incubated on a medium with glycerol (see draw-
ing). Therefore we set up all the subsequent experiments with
adapted cultures, The addition of glucose to the medium is not
noticeably reflected in the ability of the plague microbe to oxidize
glycerol. This fact is interesting due to the fact that on cortain
other pro~erties of the plague microbe glucose exerts a negative
effoct Y6/.

The capacity of the plague microbe to decompose glycerol is
preserved after washing and aeration or storage of cells at 50, but
disappears under the influence of toluene. The effect of other
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cnzyme poisons on the catbolism of glycerol is shown in Table 1.
.s can oe seen, a significant influence on the metabolism of g1yeorol
is oxorted only by bromo- and iodoacetic acid: with oonoentrzatIons
of tleum eclual to 10" A,, aosorption of oxygen and consumption of
glycerol are completely stopped.

in a borate buffer the optiyur' of the oxidation z-ction of

glycerol lies at pH 7.8. in a veronal buffer in the range of pH
7.0-9.0 it was not possible to establish an expressed optimum,

but at {p 6.0 the absorption of oxygen anu decrease of glycerol
are reduced. At pH 7.2 the intensity of conversion of glycerol in

a borate, and especially in a veronal, buffer is comparible with
the rate of oxidation in a phosihate buffer (Table 2).

Judging by our data, for 1 mole of decomposing glycerol an
average of around 1 mole of oxygen is consumed. 6toichiometrically
this corresponds to the conversion of glycerol into pjyruvic acid-,-*.
However, we never observed the conversion of glycerol into pyruvate
even in a veronal buffer, in which pyruvate usually acoumulates
most of all (see Tables 1 and 2). Apparently the process does not
stop at the stage of formation of pyruvate; it proceeds further,
but already without a noticeable expenditure of oxygen. Here,
along with other, still unidentified, products lactic acid is

formed, but the quantity of it does not exceed lO (2 micromoles)
of the amount of oxidized glycerol.

'-: It is necessary to take into consideration that due to short-
comings i the design of the manometric vessels (one stationary

side retort) the time of determination of decrease of glycezol in
our experiments always exceeded tie time of calculation of oxygen
consumption. This apparently explains the quantitative difference
in the decrease of glycerol and the consumption of oxygen.

As is known, the decomposition of glycerol begins with its

phosphorylation or dehydrogenation. ln order to come close to an

answer to the question as to what starts tihe decomposition of gly-
cerol in the plague microbe, we studied the relation of GL+ and
GL- strains of tae plague microbe to glycerophosphate, dihydroxy-
acetone, and glyceraldehyde. The results of our exieriments are
reduced to tile following. The capacity for the oxidation of
d,l-alpha-L'lycerophosphate is possossed only by the GL+ strain, and

then under the condition that the experiments are conducted in a
voronal buffer, but oven in this case the rate of oxidation _2 -ly-
coroAnos,)ato is less than the rate of oxidation of glycorol (Tables
3 Lnd 4). The oxidation of alpha-glycerophosphato is accompanied
by tAe liberation of inorganic phosphate in quantities wnich -e
equivalent to the amount of absorbed oxygen, and by the formation
of traces of pyruvio acid. It is interesting to note that the
bota-isomer of glycerophosphate, which is not an intermediate pro-
duct from the decomposition of glycerol, is also oxidized by the
GL+ strain of the plague microbe. ,-in spite of the fact tnat the



GL- strain does not oxiaize both isomers of Llycerophosphate, srmill
amounts of inor(,anic pilosphate and -lycerol are detected in the medium.
Apparently in this case decomposition is realized und,.r tke iniuonco
or oPhsph4tae t?, q. Trio GL+ and GL- strains of ;.Le plague
microbe either do not oxidize dihydroxyacetone at all or oxidize it
very wealdy. In contrast to dihydroxyacetone, dl-glyceraldehyde
is oxidized by the GL strain (but not the GL-). Hero thie maximum
rate of oxidation is noted in a phosphate buff ar (see Table 4). F'or
the purpose of determining which substrat, s are used by the plague
microbe as unique sources of carbon in the medium, wc used the
prototrophic mutants of the plague microbe L97. As the experiments

o (Table 5)- on =.zn-r.num raedia tc-e L*" rutarnts ro,. in the
presence of glycerol, alpha- and beta-isomers of glycerophosphate,
and 3-phosphoglycoric acid; glycerolnegative mutants grow only in
the presence of the last substrate. Behaving in the same ,aanner
as the GL+ and GL " prototrophic strains are their corresponding
auxotrophic strains of the plague microbe. It is i.mportant to
stress that under the given conditions dihydroxyacetone and 61ycer-
aldehyde are not sources of carbon for the plague microbe.

[ ;I

o I /0/i0)

Influence of glycerol and glucose in the incubtion modium on the
capacity of tL'e plague microbe to oxidize glycerol.
Voronal buffer pH 7.2; incubation 25 minutes; reliable interval -
for probabilLity 0.99.
1 - absorption of oxygen by culture from a modiun without an adaitive;
2 - absorption of oxygen by culture from a medium with glycerol;
3 - abso,ption of oxygen by culture from a medium with glucose,
Figures under the columns - number of tests. (a) - mioromoles.
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Table 1

Influenco of cnzyrxai( doisons on t:-.E iuetabolisrn of Jlycerol (strain
1*o 17,J 7.2, incubation 25 minutes; in micromoles poer sami,,e)

I I I 1 0 1 a y ~ j ~ ei i o

flG~ MIJIO flyT

X 5 ; 5 C-4 ooqlr,7-:-,C c 13.6=-0,87 0,5:t0 14
0C' D1 N 5 00 1,0,0 1'8 ,&O's 0:3±0:1'
>e13c3 s:;wa 6 - Bepoiilouf 12,3= t,39 1590,47 7,-~t0,51
0C U1N 6 1 0- 10.,3 =0, 72 15,2-0,'53 8,2:t-0,52
>( 130 113 - 11.2=0,63 14:7- 1.3

0uQ1Oh 4 5x10 9,8-0,64 13.6= 0,9L'
xli ):;1.1 3 - 'ocalL0) 12,0O:1_l,21 16. 6, 0.32
4, jvlffylX 1 10- . 0 0-
&~C 1kI 104 7,4 - -
&~C MIIYK 1 2.10-' 3,4 4,2 -
)(Se3 sua 7 - BepoIuaaoB~i 11,5=0,541 16,1±=0,21 -
,,C MIIYK 3 10 -3 Y "102
AC M:.YK 3 104 V 0 ,7 0,47 77 -- 0, -
AC .Ml lY1 1 2. W-4 1,8 2.2 -
)(13c3 ;za 4 3111.2±t0,42 16.2-0 40 2,8± 1,'35
EIC AWAA 4 10-3 3 11,7± 0.87 17F, f 3,1±1,.48
X~e3 siaa 4 - 3111,4=0,86 11,4±t0,92 4,9±t1,00
w C MSYK 3 10-3 0 0,9± 0,33 0
12C MBYK 1 10'4 8,7 9,0 3,4

1. :In tnis and subsequent tocles the figures represent tae aver"Lge
and tiie error of a verages (:J".rn).

2 Z-Acronyms explainp'd in the ]eGend7
3 ,vorage of 3 tests.

4 A'verceUe of 2 tests,
5 One test.- itotoio;o AhDP
LoLc 'nd: ,(a) Sample: x - ,It-otpion ihD1 p-anitoJLheno,
e - Uita i'aF /sodium fluoride/; .4- ,ith 10A /iodoacetic acid/*

a- "iith LFAA /monofluoroacotamido/; 0 - Wiith i.A/brornoacetic acid/;
(b) 4unber of tosts; (a) Concentration of poison (In moles); (d)
Luffe'r; (e) "bsorbed oxyGen; (f) Utilized Glycerol; (g) Pyruvic
acid detected; (h) inosphato; (i) Veronal.

Table 2
..,et&abolisrn of rlycerol in various bufl'ors (ptl 7.2, strain iio 17,,
4nocu'ation 40 min; In ia-croiioles pur s~m~ple)

4I~c~io fl~rA~Yweo C
By~tiep %4A orok~ HCnlOAbVaaIO OG'-Aae.P

OlibTam KkCAOPO~A IJssapua rPA.o10 ,

-0CcVIT A 6 12 8= 0,81 1 1,9±t 1,31 0'7=0,16
Beol"OWA 5 11,9= 1,05 15.2t 1,22 8,4 =0,95

TIOPTHWIA 4 9,3±0.07 7.1s.,0 1,0:t0,32

! ey: (a) bufi'er; (b) .io of tests; (c) OxyGon absorbed; (u) Glycarol
usod; (e) Pyruvic acid detected; (f) ehosphate; (g) Veronal;
(n) B~orate.
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Discussion of Results

Our finding;s testify to the presence in (:-L+ strains of a
number of enzymes which participate in trie decomposition of glycerol
and which are not formed by GL- strains. Consequently the dif'er-
once between the GL and GL-strains amounts to tie inability of
GL -strains to form all those enzy xes. The latter is prob.hlr a
Cenotypic characteristic. iAs regards the question of tge oaths of
conversion of glycerol in GLY strains, then it still reiiains open.
in tile light of the data presented, the proviously ex±ros-oa
hypothosis that glycoropnosphate dlos not lie on tile path o' break-
down of glycerol L107 Aas received new confirmation. :-iowevor,
not included within-the framework of this hypothesis are facts
testifying to the absence 4.n the plague microbe of the ca.;acity
to oxidize dihydroxyaceoone and to use it as a source of carbon.
Nevertheless, the first product in the conversion of glycerol may
not be dihydroxyacetone, but glyceraldehyde.

Table 3

Comparative data on the metabolism of glycerol and d,l-alpha-
glycerophosphate (veronal buffer, p1 7.2, incubation 25 min,
strain No 17, in micromoles per sample)

floraoleato uiirpolao. OG:iapy. C HO ,cno0rnlunalo

onbrrohII UCIIC XH aAA rparstoii OC4,aTJI rmi&C4P1"a
XIICJ)TIA

F rJ.llhepHI 5 11,7±0,79 9,5±:1,11 - 15,0±0.91
5 7,1 ± 055 1,3=0,39 6,5:0,03 -

Key: (a) Oxidation substrate; (b) limber of tests; (c) W'yea
absorbed; (d) Pyruvic acid detected; (e) Phosphate deteuted;
(f) Glycerol used; (g) Glycerol; (h) Glycerophosphate.

For a final solut~on of the question concerning te pat.ls of
glycerol breakdow'n it is necessary, first of all, to obtain )ro.;ar-
ations of tne corresponding enzymes, and, sucondly, to atZ0or..t to
isolate a mutant which is devoid of 1phosphatase ac vity (,,olatIvo
to al.ha-glyeerophosphate). This will make it possible to wxclude
tie possibility of oxidation of glycerophosphate by an intornediato
route, ±,o., through glycerol. Finally it is necessary to uxQ.erI-
mentally verify the hypothesis of Boyce and associates Z1I7 concern-
ing thae metabolism of Glycerol in the plague microbe tn,'ough t;.o
staze of formation of hexose, and to clear up in what manner t.,o
GL- strain of the plague microbe uses glycerin for te synthesis
of amino acids, ribose, and deoxyribose.

6.
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Tablo 4

~w~ort> c-- oxy~;on n ~ Ofu :rs,- I~yco)ro-I (w, s oz..b

d,. 1 3*2 7,f0!, I 6
j d, I-r.muLepaa6erz.A i 1 3,4± t0,715 2,0± G.-12 0

Keyo': (a) oxidation suostrat; (b) ,,wrbor off tests; (c) Strain ,Mo 1.7;(d) 6train -,V; (o)l ?Ios,. hate 'buf'.'-; (f) Verona. buf'er; (r,) Glycerol;(h) dj-l i-1crpopae (.4) iLxydroxyacotone;
Qj) d,I-Flyceraldohyde.

Table 5
Growith of' plav-ue microbe on dense s-yntie -,-c i,,dia

WTunmm my'emoro

N,. 17 pOTOTPO 1J

ell1 3 YKCOTP040 rj- : : i +

M, + + + -

2_ +

ijL, + --rowth; '-ausonccof"'ro:
... (a) 'struin of' dla -o ~Ar~;(b) o'' tu..ts; (c) Cr~t

o...~ mcroe cra~InT t..o oco,.oo of'; (di) t4lccroZ;
-:,.ceralhe~iyce; (f) GC cero.-*,os1 .i..te; (.~.2 .'~O1yco~cacid; (i) w;utsou,,ces of carijo". (co.atro2.);%'j) ..7 prototroph GL- .:o 17 ,jruotro.)h GL+ ;1 ()a. xo-tro. GL- ; (mn) "o 17 auxotrol-h (iLk ; (n) ;,No 1 auxotro."1n %a,(o) . o 1210 auxotropki GL+.
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C onc lusions

1. Tne GL+strain of t:ae )Ia ,ue r.Zcroba ox..d-zos ;JIycorol, ,co-
aldeiiydo, a~xw 5Lycerouapnat).t, ':)ut 'I-ct.L'Cul2y does Ilu'L- o:iuize
diiiydro..yacetono. 'Tno L0 str,-Ain doos not o;x-diLzo t.,.o~i ; ubjtr'tos
u~t all.
2. ".z unique sourca3 if' carbon tho GL* stra.-in uses --ycorolp
glycQro,-)1os-Jnate, nd 6-phos, iio,ycerie ...c-Ld. Theo -L- strain uses
only the last substr,,te.
3. Tnhe caoacity to ox idize Glycerol is strown ,tLaened conidoi'ably
during; incubation of the 'L * strain on a erdiu~nit Clycerol.
4. Oxidation of -lycerol. is accompanied by the fornmation of'
pyruvic aci"d and lactic acid.
be Oxidation of elycerol is inhibitad by brom~o- and iodoacetic
acid; such an effect is not exiiibited bDy dinitro~phanol, fluoro-
acetarnide, and su fluoride,
6. Tne ifluence of toe nature of the bufi'er on tne brea&rkdov'n of
Glycerol is manifested only iLn the fnct ttiat in a veronal bufl'.'r
thartj is a :-router accumulation of pyruvic acid than in It.io othiers.
In a voronal buffer the greatest rate of oxidation lies within the
rane-e u:' p~I 7,0--9,.
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